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論 文 内 容 要 旨 
 
In the dissertation, the microwave propagation through human body is investigated. Many countries such as Japan and China 
experience the effects of an aging population, which results a strong demand of human body healthcare facilities. It is necessary to 
develop novel biomedical technologies to improve diagnostic services for this demographic. Electrical diagram (ECG) and 
temperature recording have been used for more than 50 years in medical diagnosis to understand various biological activities. EM-
wave through human body was also studied. Generally, the electronic pill system can be divided to three types: 
 
Traditional electronic sensor: traditional telemetry systems for the electronic pill technology were performed. This type devices do 
not require a high data rate, for the reason that physiological parameters (such as pH-value or temperature) are slowly varying and 
hence low-frequency signals. Simple modulation schemes, (such as OOK or ASK) with a low data rate are used for low power 
consumption. The electronic pill transfers physiological data, including pH-value and temperature. The electronic pill tests blood 
pressure sensors and a transmission range of 5 m was reported. 
 
Multipurpose robotic system: multipurpose robotic systems were performed. This type devices has locomotion features or 
transmitting energy by using wireless power transfer (WPT) technology. The device can be used for precise drug delivery in the 
human gastrointestinal tract. Real-time wireless energy transfer via magnetic coupling is necessary for these types of endoscopes to 
provide mechanical function. The capsule can be move up and down inside human body by using an electric stimulation technique. 
Researches on wireless power transfer through human body were performed. The purpose of these researches are design capsule 
robotic system without battery. The SAR in the human body generated by a magnetic resonant WPT system operating above 10 MHz 
is studied. 
Wireless capsule endoscope system. 
 
In chapter 1, the background and motivation of this study are performed. This chapter presents the introduction of this research. 
The motivation of this research is to study a methodology to develop a wireless capsule for medical diagnostics with high 
transmission efficiency. 
 
(1) Investigate characteristics of dipole and loop antennas in capsule. In this research, a pair of dipole and a pair of loop antennas
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were placed inside and outside a torso-shaped phantom used, respectively, and the propagation loss was evaluated by both the 
numerical and the experimental method to select the suitable antenna type. 
 
(2) Investigate propagation loss excluding impedance-mismatching loss. The transmission factor is used as an indicator of 
propagation loss. The transmission factor is the relative maximum received power under the condition that the complex-conjugate 
matching conditions are satisfied at both transmitting and receiving ports. 
 
(3) Investigate propagation loss over a wideband frequency domain to obtain the suitable operating frequency. 
 
(4) Investigate propagation loss when capsule is inside some organs. The propagation loss from a dipole antenna placed in a 
digestive system of a human body to the outside was investigated by using the FDTD analysis. 
 
Wireless capsule endoscope (WCE) system is introduced in Section 1.1. Capsule antenna is introduced in Section 1.2. Previous 
researches on propagation loss through human body are summarized in Section 1.3. The motivation of the dissertation is shown in 
Section 1.4. The organization of this dissertation is shown in Section 1.5. 
 
In chapter 2, measurement of a dipole antenna located in deionized water was studied and compared with FDTD simulation. This 
chapter presents the numerical analysis method and experiment method of this dissertation. Differential mode S-parameter method 
was used to obtain transmission loss in balanced feeding and good agreements between measured and calculated results have been 
observed. Reliability of both measurements and analysis were confirmed. It is found that the FDTD method is effective when 
dispersive effect of material is considered. It is also found that differential-mode S-parameter method is effective in broadband 
frequency range. These methods are useful to the design of capsule antennas. The fundamental theories of microwave propagation 
through human body are introduced in Section 2.1. Numerical analysis by using FDTD method is performed in Section 2.2. 
Measurement by using differential-mode S-parameter method is performed in Section 2.3. The results of numerical analysis and 
experiment are compared in Section 2.4. Finally, conclusions are given in Section 2.5. 
 
In chapter 3, EM-wave propagation through a human body phantom was studied in the frequency range 200 MHz to 2 GHz. The 
transmission characteristics of a dipole and a loop immersed in the torso-shaped phantom filled with deionized water or human body 
equivalent liquid were investigated by the FDTD analysis and the measurements. The transmission factor τ was used to evaluate the 
path loss through the human body phantom. It is found that the transmission factor τ decreases as the conductivity increases in the 
case of dipole antenna placed in deionized water. On the other hand, there is a local maximum in the transmission factor τ at a 
frequency in the case of HBEL. The local maximum is caused by the half-wavelength resonant frequency of inside antenna. It is 
important to choose operating frequency in capsule antenna design. From this chapter, it is found that in high frequency range media 
loss is large, while in low frequency range antenna efficiency is low. Operating frequency of wireless capsule endoscope system can 
be decided by using transmission factor. However, if operating frequency was decided, size of dipole antenna can be changed in 
order to decrease the propagation loss. This chapter presents the EM analysis and experiment results in homogenous human body 
phantom. The homogenous human body phantom is introduced in Section 3.1. Numerical analysis and experiment setup are 
performed in Section 
 
3.2. The concept of transmission factor is performed in Section 3.3. The transmission factor of a dipole to dipole system is presented 
in Section 3.4.The relationship between transmission factor and radiation efficiency is investigated in Section 3.5. The transmission 
factor of a loop to loop system is presented in Section 3.6. Finally, conclusions are given in Section 3.7. 
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In chapter 4, the transmission factor from a dipole placed in a digestive system of a human body to the outside was investigated 
using the FDTD analysis. The effect of human body organs on the propagation loss was investigated and the different results between 
the homogenous and in-homogenous phantoms were performed and discussed. It was found that the peak values of the transmission 
factor were observed in the frequency range of 400-600 MHz for different organs of the digestive system when the inside dipole and 
outside dipole have the same polarization. Compared with homogenous phantom, some different results were obtained in in-
homogenous human body phantom. High conductivity organ (such as the heart) reflects EM-wave. It is necessary to consider optimal 
position of dipole outside body in order to obtain a low propagation loss. In wireless capsule endoscope system, select the optimal 
position and polarization of outside antenna can decrease the propagation loss through human body. As an addition to Chapter 3, 
propagation loss of microwave through in-homogenous human body phantom is investigated by numerical analysis. The in-
homogenous human body phantom is introduced in Section 4.1. The analysis model is shown in Section 4.2. Some results and 
analysis are performed in Section 4.3. Finally, conclusions are given in Section 4.4. 
 
In chapter 5, capsule antenna design was investigated. EM-wave propagation characteristics of capsule dipole to dipole system and 
capsule loop to loop system were performed and compared in the frequency range 200 MHz to 3 GHz. In the case of capsule dipole 
to dipole system, it is observed that there is a local maximum in the transmission factor at 490 MHz. In the case of capsule loop to 
loop system, the value of transmission factor is large in low frequency range: under the conditions ZS=0.03-j19 Ω and ZL=14.9-j370 
Ω, a large value of τ=-14.7 dB has been obtained at the lowest frequency of 200 MHz. The position of antenna and capsule was 
discussed. In the case of the antenna is separated from the human body liquids “Separated type antenna”, the conductivity loss is 
small while the impedance matching is bad in the frequency range of 200 MHz- 2 GHz. In the case of the antenna is touched to the 
human body liquids 
 
“Touched type antenna”, the impedance matching is good in the frequency range of 1 GHz-2 GHz, while the conductivity loss is 
large. In practical applications, if the size of a capsule is strictly limited, the antenna can be implemented on the surface of the 
capsule to save space, and matching circuits are not required. Otherwise, if high transmission factor is required, antenna implemented 
inside the capsule with matching circuits is preferred: for dipole antennas the local maximum of transmission factor in the frequency 
domain should be used, while for loop antennas, the large value of transmission factor in low frequency should be used. An inner-
layer capsule dipole antenna (ICDA) was proposed, it has both good impedance matching performance to 50 Ω and the small 
conductive loss in the frequency range of 500 MHz to 1GHz. Although conical models of the antennas were used in the numerical 
analysis models, these results and observations are general and fundamental. They can provide theoretical insight on how to design 
capsule antennas by using transmission factor. In practice, the antenna geometry can be designed to be very complex and the results 
in this study are still applicable. This chapter presents the capsule antenna design. Transmission factors of capsule dipole to dipole 
and capsule loop to loop are performed and compared in Section 5.1. The transmission factor under the condition that the capsule 
antenna offset is investigated in Section 5.2. Position of the capsule and the antenna is discussed in Section 5.3. An inner-layer 
capsule dipole antenna (ICDA) is proposed in Section 5.4. Finally, conclusions are given in Section 5.5. 
 
In chapter 6, the conclusion of this study is performed. In this dissertation, the propagation loss of EM-wave pass through human 
body has been investigated by using numerical Finite Difference Time Domain (FDTD) method and experimental differential-mode 
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S-parameter method. The dissertation is basically subdivided into two main themes. One is “Propagation loss of EM-wave through 
human body (Chapter 3, Chapter 4)”. The other is “Capsule antenna design (Chapter 5)”. 
 
Firstly, in order to design wireless capsule endoscope (WCE) system, the propagation loss through human body is studied. Finite-
difference time-domain (FDTD) method is used in the numerical analysis. In order to confirm the simulation results, differential-
mode S-parameter method is also used in the experiment, good agreement between numerical and experimental results is obtained. 
Moreover, transmission factor under the complex-conjugate matching condition is used as an indicator of propagation loss. EM-
wave propagate through a human body phantom is investigated in the frequency range 200 MHz to 2 GHz. The transmission 
characteristics of a dipole to dipole and a loop to loop through the torso-shaped phantom filled with deionized water or human body 
equivalent liquid (HBEL) are investigated by the numerical analysis and the measurements. It is found that the transmission factor τ 
decreases as the conductivity increases in the case of dipole antenna placed in deionized water. On the other hand, there is a local 
maximum in the transmission factor τ at a frequency in the case of HBEL. The local maximum is caused by the half-wavelength 
resonant frequency of inside antenna. It is important to choose operating frequency in capsule antenna design. It is found that the 
media loss is large in the high frequency range, while the antenna efficiency is low in the low frequency range. Operating frequency 
of wireless capsule endoscope system can be decided by using transmission factor. However, if operating frequency is decided, size 
of dipole antenna can be changed in order to decrease the propagation loss. The transmission factor in the case of loop to loop is also 
investigated. 
 
Furthermore, transmission factor through in-homogenous human body phantom is investigated. The effect of high conductivity 
human body organs is appeared. Compared with homogenous human body phantom, some different results are obtained through in-
homogenous human body phantom. In wireless capsule endoscope system, select the optimal position and polarization of the outside 
antenna can decrease the propagation loss through human body. 
 
In addition, design of capsule dipole and loop antennas are discussed by using the transmission factor. A capsule dipole to dipole 
system and a capsule loop to loop system are compared: for dipole to dipole the local maximum of transmission factor in the 
frequency domain is appeared, while for loop to loop the large value of transmission factor in low frequency is appeared. It has been 
observed that when a dipole or a loop antenna is implemented on the surface of the capsule, it is easy to achieve impedance matching 
without matching circuits and also has a large value of |S21|. An inner-layer capsule dipole antenna (ICDA) is proposed to obtain both 
impedance matching and low propagation loss. 
 
This study makes a significant contribution to the theory of microwave propagate through human body. The further deep study on 
the above field will certainly bring a breakthrough in genetic theory of EM-wave application on human body healthcare and 
significant effect on the small antenna design technology as well. 
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